MODEL QUESTIONS 
FREQUENTLY ASKED 

la) Explain the methods that are used for determining the grain size. (8M) 

lb) Why alloying is done to metals? What are its limitations?(8M)(WIMP) 

2a) Describe the mechanism of crystallization process.(8M) 

2b) What are the three basic methods for grain size estimation? (8M+8M)(VVIMP) 

3a) Explain about the necessity of alloying. Why alloys are more preferred over metals, for 
industrial applications? 

3b) Name Hume-Rothery's rules and explain all of them. (8M+8M)(VVIMP) 

4Define covalent and metallic bonds in solids.(6M) 

5a) Draw the close packed planes and directions in simple cube, BCC and FCC 
crystals and find out the Miller indices of the planes.(WIMP) 

(8M) 

5b) Explain briefly the various types of crystal imperfections, with the help of neat 
sketches(WIMP) 

(8M) 

6. a) Explain Hume - Rotherys rules for the formation of substitutional solid solutions (8M) 

7What are the types of bonds? Explain their properties.(8M)(WIMP) 

8a) Explain metallic bond in detail. [3M] 

8 b) What is an alloy? What is the need for alloying?(8M) 


9 Define grain growth. (4) 
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Necessity Of Alloying, Types of Solid Solutions. Hume Ruthery Rules. Intermediate Alloy Phases. 
Electron Compounds:- 

PURE METAL:- It is the metal, which consists of identical atoms. 

EXAMPLE OF PURE METALS:- Copper, Nickel, Aluminum e.t.c 

APPLICATION OF PURE METALS:- 

The important uses of metals as pure metals are: 

1. Copper and aluminum wire are used to carry electric current. 

2. Copper, aluminium and iron are used to make domestic utensils and factory equipment. 

3. Thin foils of aluminium are used for wrapping cigarettes, medicines, confectionery, etc. 

4. Aluminium is used for making angles, doors, pipes, etc. which are used in the construction of 
houses. 

5. Metals such as sodium, titanium, zirconium, etc. are used in generation of nuclear energy 
and in space science projects. 

6. Mercury is used in thermometers. 

7. Gold and silver metals are used to make jewellery. 

8. Uranium metal is used to generate nuclear energy. 

9. Titanium metal is very hard, resistant to corrosion, light, has high melting point and is good 
conductor of heat and electricity. Because of its unique and useful properties titanium is 
sometimes called 'the wonder metal'. 

10. Titanium and its alloys are extensively used in: 

(i) Jet and gas turbine engines. 

(ii) Aircrafts frames. 

(iii) Marine equipment. 

ALLOY:- It is defined as a material, which is composed of two or more than two elements and 
among which one must be a metal. The element, which is in major quantity, is called as 'base 
metal". 

ALLOYING ELEMENTS:- The elements that are used to make alloy are called alloying elements. 
EXAMPLES OF ALLOYS:- Brass, Bronze, Gun metal, Steel, Duralumin e.t.c 
NECESSITY OF ALLOYING:- We unable to get the required properties(e.g strength, smooth 
surface e.t.c) with pure metals. So alloying elements are added to achieve the desired 
properties. The reasons for alloying elements may be one or more of the following 

1) To improve corrosion resistance. 

2) To improve wear resistance. 

3) To improve magnetic and electrical properties. 

4) To improve strength and toughness. 

5) To improve machinability, weldability and hardenability. 

6) To improve hot hardness. 

7) To improve hardness. 

PHASE: - It is defined as a physically distinct and homogeneous portion of the system. A 
homogeneous system consists of same composition and same physical chemical properties 
throughout its volume, i.e. each point in the system represents same properties. 




EFFECTS OF ALLOYING ELEMENTS:- 


ELEMENT 

EFFECT 

Chromium 

Improves corrosion and wear resistance and 
carbide former 

Cobalt 

Increases strength at higher temperatures 

Copper 

Improves corrosion resistance 

Lead 

Improves chip formation,and machinability 

Manganese 

Carbide former,and improves machinability 
and hardenability 

Nickel 

Improves strength and toughness 

Improves corrosion resistance and 
hardenability 

Silicon 

Improves fluidity in casting, strength and 
electrical conductivity 

Phosphorous 

Improves chip formation and machinability 

Tungsten 

Improves hot strength and hardness 


SOLID SOLUTIONS:- It is a simplest form of alloy. It consists of two elements soluble in each 
other in solid state and exist in a single phase structure. 

SOLVENT:- The major element in the solid solution is called as solvent. 

SOLUTE:- The minor element in the solid solution is called as solute. 

TYPES OF SOLID SOLUTIONS:- 

(I) Substitutional solid solution 

(II) lnterstitial solid solution 

(l)SUBSTITUTIONAL SOLID SOLUTION:- 

Solute atoms can substitute for solvent atoms in a crystal lattice.The crystal structure of solvent 
is unchanged but the lattice may be distorted by the presence of solute atoms, particularly if 
there is a significant difference in atomic diameters of the solute and solvent. 

We can divide substitutional solid solution into two types 
(i)Ordered substitutional solid solution:- Ex: Cu-Au 


















(ii)Disordered substitutional solid solution:- Ex:Cu-Ni, Cu-Zn 


Substitutional solid solution 



solute-Atom of Metal-B Solvent-Atoms of zinc Metal-A 
zlnc(Solute) Copper(Solvent) 

Disordered substitutinal solid solution(random,) 


o 


(ll)INTERSTITIAL SOLID SOLUTION:- 

Interstitial solid solution occurs when the solute atoms are very small(ex: Hydrogen, carbon, 
boron, oxygen) and fit into interstitial sites in the crystal lattice. 



HUME-ROTHERY RULES:- 

These rules are favored for extensive solid solubility of one element in another. 
(iJS/ze/octor:-The diameter of the atoms of the elements must not differs by more than 15% 

(ii) Crysto/structure;-The crystal structure of the two elements must be same. Ex: Cu-Au, Cu-Ni 

(iii) Valency factor:- Two elements should have same valence. 

\\i)Electro negativity:- There should be no appreciable difference in the electro negativity of the 
two elements. Otherwise solution is not formed. 

INTERMEDIATE ALLOY PHASES:- 

> If we try to add alloying elements to a solid solution more than its solid solubility then 
intermediate alloy phase forms.Ex:Fe 3 C,W 2 C e.t.c. 

> Crystal structure and properties of materials are different from solid solutions. 

> TYPES OF INTERMEDIATE ALLOY PHASES:- 

> (l)lnter metallic compounds 

> (ll)lnterstitial compounds 

> (lll)Electron compound 




















(I) INTER METALLIC COMPOUNDS:- 

These are ionic or covalent solids, and these are non metallic in nature. They possess poor 
ductility or poor electrical conductivity, and may have complex crystal structure, ex:- CaSe, 
Mg 2 Sn. 

(II) INTERSTITIAL COMPOUNDS:- 

Interstitial compounds are formed between transition metals such as 
scandium(Sc),Titanium(Ti),Tantalum(Ta),Tungsten(w) and iron(Fe) with hydrogen ,oxygen, 
carbon, boron and nitrogen. Ex: TiC, TaC,CrN,W2C.These don't obey normal valence rules. 

(III) ELECTRON COMPOUNDS:- 

These are also don't obey normal valence rules. These are based on electron to atom ratio. 
Examples:-3/2 electron to atom ratio compounds-CuZn, Cu3AI 
21/13 electron to atom ratio compounds-Cu5 Zn8, Cu9AI4 
7/4 electron to atom ratio compounds-CuZn3 



Crystal Systems 


>Jhe space lattice points in a crystal are occupied by atoms. 


>The position of any atom in the 3D lattice can be described 
by a vector r wvw = ua + v b + wc, where u, v and w are integers. 


(a) 







Unit Cell 





The three unit vectors, a, b, c can define a cell as shown by the 
shaded region in Fig.(a) This cell is known as unit cell (Fig. b) 
which when repeated in the three dimensions generates the 
crystal structure. 


Bravais Lattice 

The unit vectors a, b and c are called lattice parameters. 
Based on their length equality or inequality and their 
orientation (the angles between them, a, p and y) a total of 7 
crystal systems can be defined. With the centering (face, 
base and body centering) added to these, 14 kinds of 3D 
lattices, known as Brava/s lattices , can be generated. 































Crystal Systems 


Cubic: a = b = c, a = p = y = 90° 


Itir 


Simple 

cubic 



Body-centered Face-centered 

cubic (BCC) cubic (FCC) 


Tetragonal: a = b?tc, a = p = y = 90° 



Simple 

Tetragonal 






Body-centered 
Tetragonal (BCT) 


Orthorhombic: a*b*c,a = p = y = 90° 

JtwT jjsj 


r 


X 
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V 



Simple Body-centered Base-centered Face-centered 
Monoclinic: a*b*c, a = y = 90° -t- p 


Simple 

monoclinic 


Base-centered 

monoclinic 














































































Rhombohedral 
a = b = c 


a = p = y * 90° 




Hexagonal 
a = b *c 

a = p = 90° y = 120° 


Triclinic 

a#b^c 

a * p * y * 90° 

















